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INTRODUCTION

During the last 5 yr, the fishery for spiny lobster, Panulirus
marginatus, and slipper lobster, Scyllarides squammosus, in the
Northwestern Hawaiian Islands (NWHI) has expanded into one of Hawaii'’s
most important commercial fisheries. Approximately 440 metric tons (t)
of lobsters were landed in 1987, generating approximately $4 million in
ex-vessel revenue. The spiny lobster has historically been the predominant
target species; however, during the past 3 yr, the slipper lobster has
emerged from being an incidentally caught species to nearly equaling the
total number of spiny lobsters caught. The fishery is managed by.guide-
lines set forth in the Crustacean Fishery Management Plan for the western
Pacific, as developed by the Western Pacific Regional Fishery Management
Council.

For the lobster fishery in the NWHI, the Southwest Fisheries Center
Honolulu Laboratory of the National Marine Fisheries Service (NMFS)
‘prepares monthly and annual summary reports that are based on information
recorded in the catch logs (Daily Lobster Catch Report per Statistical
Area, Fig. 1). These logs are completed by vessel operators after each
day of fishing; they document the catches (in numbers) of legal-sized
(>50-mm tail width), sublegal-sized, and berried spiny lobsters. Vessel
operators also reported the total number of slipper lobsters caught and the
number of traps set and hauled each day. (Note that prior to 14 January
1988, there was no definition for sublegal-sized slipper lobsters in
Federal waters.) These cumulative data on catch numbers and catch per unit
effort (CPUE) are used by various managing agencies as well as scientific
and commercial interests for determination of relative stock abundance and
as general indicators of the status of the fishery. Accurate
interpretation of these statistics is of obvious importance, as is the
proper understanding of the problems and limitations of the data.

This report describes how CPUE was determined by the NMFS Honolulu
Laboratory prior to 1988, then examines and compares two alternative
methods of calculating CPUE. The effects of multiple trap-nights (i.e.,
allowing a trap to soak for two or more consecutive nights) on the CPUE
statistics and on the catch of the two target species also are examined.
The- limitations and possible implications of using each of the different
methods of CPUE calculation are discussed, and recommendations for changes
in the present reporting system are presented.

BACKGROUND

At present, the unit of effort used to calculate CPUE in the lobster
fishery is trap-night. Catch per trap-night is calculated by dividing
the reported catch (in numbers) by the number of trap-hauls, adjusted for
multiple trap-nights. Traps are normally set 1 d, allowed to soak
overnight, and then hauled the next day. Therefore, the reported catch
for each species is divided by the total number of trap-hauls for that
particular day. To adjust for multiple trap-nights, the reported catch is




divided by the number of trap-hauls multiplied by the number of nights on
the bottom:

Catch
Trap-night CPUE = - (1)
Trap-hauls X No. of nights on bottom

Inherent in this method of calculating trap-night CPUE is the
assumption that catch is proportional to soak time. However, catch logs
and conversations with active fishermen indicate this assumption may be
invalid. Several factors reportedly affect catch rates with regard to
extended soak time, including bait type and quantity; type, number, and
size of lobsters in the trap after the first night; placement of trap;
and sea conditions.

" The relationship between lobster catch and multiple trap-nights has
not been explored by the NMFS for a variety of reasons. One reason is
the occurrence of traps soaking more than one night has not been well
documented in commercial logs nor has its effects on catch and effort.
Another reason is that testing for extended soak time effects on catch
rates requires a large sample size to eliminate the substantial variation
found in catch rates. This research would require a great deal of time
aboard a research vessel or a commercial charter--a requirement that is
prohibitively expensive. Finally, the relative importance or contribution
of multiple trap-nights was not considered a significant factor in the
fishery. '

METHODS

Two alternative methods for determining CPUE were used. The first
method expresses CPUE as catch per single trap-night, which uses only those
lobsters caught from single trap-nights and, therefore, uses only a subset
of the total data set:

Single trap-night catch
Single trap-night CPUE = (2)
' No. of single trap-night trap-hauls

The second alternative method calculates catch per trap-haul,
regardless of soak time. Thus, it uses the entire data base for lobster
catches but disregards information on soak time:

Catch
Trap-haul CPUE = (3
No. of trap-hauls




The data used in the single trap-night CPUE calculations were compared
to the present CPUE statistics (trap-night CPUE) to determine how much
information was excluded and to determine the occurrence of multiple trap-
nights. The latter was examined to determine whether the incidence of
multiple trap-nights was seasonal or year round and could be corrected.
This comparison could not be performed on the trap-haul CPUE method, which
uses all the reported lobster catches.

. The entire data base was further checked for evidence of relative
effects on total catch of spiny and slipper lobsters due to multiple trap-
nights, to determine whether the catch rates differed significantly between
the two target species.

RESULTS
Catch Per Unit Effort

The trap-night CPUE calculations for 1983-86 are reported in Clarke
et al. (1987) and are not repeated here. Catch per trap-night for 1987,
by bank and by landing month, is in Tables 1 and 2. For 1983-87, the CPUE
using single trap-night CPUE and trap-haul CPUE was calculated by bank and
by month, except the 1983 data (April-December) were combined because of
confidentiality reasons (Tables 3-6). Months in which less than three
vessels landed lobsters, or areas in which less than three vessels fished
in a particular year, are not reported for confidentiality reasons.

If a single trap-night is used as the unit of effort to calculate
CPUE, the numbers of lobsters reportedly caught are equal to or are
less than those calculated by the current system (trap-night CPUE) or by
trap-haul CPUE. The differences between trap-night CPUE and single trap-
night CPUE are presented in Table 7 for 1983-87. Figure 2 shows that the
incidence of multiple trap-nights increases during winter and spring but is
relatively low during summer and fall. In some months (e.g., May 1987), up
to 86% of the trap-nights reported were multiple trap-nights, but during
the summer (July and August), the single trap-nights constituted the
overriding majority of the effort.

Effects of Soak Time

Between April 1983 and December 1987, 213 trips had been logged
by fishermen permitted to trap in the NWHI lobster fishery. 1In three
different instances, vessels kept a close count of the number of traps set,
the length of the set, and the number of spiny and slipper lobsters that
were captured in the different traps. Three vessels logged the results of
their fishing activities during the spring, summer, fall, and winter of
1985. Four banks were fished (Maro Reef, Necker Island, Gardner Pinnacles,
and St. Rogatien Bank), with three trips reporting catches from more than
one bank. All vessels recorded the number of legal, sublegal, and berried
spiny lobsters caught and the total number of slipper lobsters caught. The
data are believed to be of good quality and accurately recorded.




During these three trips, two trap-nights occurred on 48 d out of 141
total fishing days. On 10 of those 48 d, the vessels hauled gear that had
soaked for one, two, and three consecutive nights. During those 48 d, a
total of 41,898 traps were hauled and 122,985 lobsters were caught. Of the
lobsters caught, 37.2% were slipper lobsters and 62.8% were spiny lobsters.
Catch rates varied substantially (catch rates calculated as catch per
number of traps hauled), between 0.26 and 26.83 total spiny lobsters per
trap and 0.23 and 16.74 total slipper lobsters per trap. The single trap-
night hauls (N = 28,200) caught 48,260 total spiny lobsters and 33,801
total slipper lobsters. The two trap-night hauls (N = 12,882) caught
26,138 total spiny lobsters and 11,161 total slipper lobsters. The three
trap-night hauls (N = 816) caught 2,874 total spiny and 715 total slipper
lobsters.

To compare the effects of soak time on catch, catch per trap-haul
for total spiny lobsters and total slipper lobsters for each trip was
calculated for one, two, and three night catches. The single trap-night
‘CPUE was then divided by the two and three trap-night CPUE for each species
to determine whether differences occurred. The relative catch for both
species, by soak time (in nights), is in Figure 3.

Although catch rates appeared to vary with increasing soak time,
the initial results confirmed that catch was not proportional to soak
time. This same subset of data was then used to test for any significant
difference in CPUE of total spiny lobsters, total slipper lobsters, or
the two species combined. Unfortunately, the three trap-night data were
inadequate for this analysis, so only single trap-nights and two trap-
nights were tested. In addition to testing soak time, we tested for
differences by bank and an interaction factor by a two-way analysis of
variance (ANOVA) with unequal replication. The results also indicate that
there is no significant difference (P > 0.05) in CPUE between single and
two trap-nights for either species; however, differences in CPUE’s between
banks are highly significant (P = 0.001) (Table 8). The results indicate
that, although the effect of soak time on catch rates for spiny lobsters is
not significant at the 0.05 level, it is significant at the 0.10 level.

DISCUSSION

Determination of the effect of multiple trap-nights on catch by
using commercial lobster data is complicated by four factors. First, the
occurrence of multiple trap-nights is apparently year round but has peaks
in certain seasons (Fig. 2). The high occurrence of multiple trap-nights
coincides with periods of poor weather conditions during winter and spring.
However, if the weather is good, then the incidence of multiple trap-nights
drops substantially (Fig. 2, e.g., May 1985 vs. May 1987). Multiple trap-
nights generally appear to be a direct result of poor weather conditions
and, therefore, prove difficult to anticipate or correct. Second, because
of the way trap hauls are reported in the daily logs, effort is inferred.
For example, if a vessel reports setting 500 traps on day 1, hauling 300
traps and resetting 300 traps on day 2, then hauling all 500 traps on day 3,
then it is assumed that, for day 3, the reported catch would be divided by




700 trap-nights (300 + (200 X 2)). This method is standard procedure unless
the vessel skipper indicates that traps were not hauled in the sequence set
(i.e., if the traps were not hauled in sequence, the vessel’s fishing logs
are examined, if permission is given by the vessel operator, so that soak
time can be determined). Third, catch is reported in total number caught;
therefore, it is impossible to know the proportion of the total catch from
single trap-nights, from two trap-nights, and so on. Lastly, there is no
indication of the targeting practices of the fishermen. Logbook data do not
include any trap line information (traps are set in lines or "strings" of 25
to 250 traps per line) or depth of fishing.

In lieu of information on the number of strings set, depth of fishing,
and targeting practices, the results of the analysis on catch per night of
soak indicate that the present system employed to calculate CPUE probably
overestimates effective effort in the NWHI lobster fishery. While this
analysis only concentrates on one and two trap-night CPUE’s, it does show
that, by multiplying the number of trap-hauls by soak time (in nights),
‘effort is overestimated and CPUE is underestimated. Of the average number
of trap-nights reported annually from March 1983 to December 1987, 13.4%
were two trap-nights and 3.4% were three trap-nights.

Using only single trap-nights to calculate GPUE has two major
drawbacks. First, a large percentage of the trapping effort includes
multiple trap-nights during certain times of the year and would be
eliminated from the CPUE calculation. Second, using data from only single
trap-nights represents the best possible scenario (i.e., the vessel hauls
all the gear it sets and is not affected by weather, breakdown, or any
other anomalies in fishing operations) and, therefore, does not accurately
portray what actually occurs.

Based upon the comparison of the three methods reviewed in this study,
catch per trap-haul appears to be the most accurate measure of CPUE. This
result is further supported by the trip data on catch per night of soak:
Catch does not significantly increase if the traps are allowed to soak for
more than one night. Although the data used from the three commercial trips
have shortcomings, they also have significant strengths, such as the large
numbers of lobsters caught and of trap-hauls, which are not possible to
obtain in certain situations (research cruises). These data, however, are
limited to discerning trends in CPUE after only two trap-nights. If one
assumes that bait attractiveness is reduced with time, then the catch rate
of the trap should not increase after the second night, all other factors
being equal. The catch per trap-haul system lacks some of the bias found
in the single trap-night method (exclusion of multiple trap-nights) but
still includes the data from trap-hauls in which catch rates may be reduced
because of poor operational or weather conditions.

No one system of calculating CPUE is a definitive indicator of the
biological and operational state of the NWHI lobster fishery, but catch per
trap-haul appears to be the best alternative of those reviewed here. From
an operational standpoint, catch per trap-haul more accurately reflects the
activities of fishing vessels and fishermen than either of the other methods
reviewed. Biologically, catch per trap-haul also appears acceptable.




Catch per trap-haul was established as the basic measure of effort in
analysis of the NWHI lobster fishery beginning in January 1988, coincident
with the enactment of other significant changes (e.g., slipper lobster

minimum size, escape vents, and reporting changes) in the Crustacean
Fishery Management Plan.
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Table 7.--Breakdown of trap-nights in the lobster fishery
in the Northwestern Hawaiian Islands, 1983-87.

Trap-nights fished

Single Multiple and Percent Percent
Year (No.) single (No.) single multiple
19832 45,666 77,542 58.9 41.1
1984 327,346 393,859 83.1 16.9
1985 801,162 1,091,070 73.4 26.6
1986 1,199,965 1,455,790 82.4 17.6
1987 665,422 920,460 73.7 26.3

8Indicates incomplete year.

Table 8.--Two-way analysis of variance of catch per trap-haul
(catch per unit effort (CPUE)) by soak time (in trap-nights) and by
area fished for total spiny, total slipper, and combined lobsters
caught in the lobster fishery in the Northwestern Hawaiian Islands,
1987. These CPUE data were transformed 1ln (1 + CPUE).

Source of S.S.
variation (Type I) df M.S. F P >F
Spiny Lobster
Bank 6.8547 3 2.2849 26.66 0.0001
Soak 0.2691 1 0.2691 3.14 0.0807

Bank X soak 0.9482 3 0.3160 3.69 0.0158

Slipper Lobster

Bank 4.7204 3 1.5734 12.91 0.0001

Soak 0.004 1 0.0041 0.03 0.8548

Bank X soak 0.04122 3 0.0137 0.11 0.9523
Combined

Bank 3.6773 3 1.2257 5.72 0.0010

Soak 0.1033 . 1 0.1033 0.48 0.4884

Bank X soak 0.6540 3 0.2180 1.02 0.3867
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DAILY LOBSTER CATCH REPORT PER STATISTICAL AREA

N° 12047

NAME OF VESSEL: LOBSTER PERMIT NO.:

SIZE OF CREW: RADIO CALL SIGN:

NUMBER OF TRAPS: STATISTICAL AREA OF FISHING:

SET GEAR: Date Time (begin): No. of Traps

HAUL GEAR: Date Time (finished): No. of Traps

NO. OF NO. OF NO. OF TOTAL
SPECIES LEGALS | SUBLEGALS | BERRIED NO. REMARKS
Spiny Lobster
{red/two-spined)
Spiny Lobster
{green/four spined)
Stipper Lobster
Kona Crab

Others:

Endangered Species observations (write numbers in pertinent blocks):
Monk Seal Turtle
Observed in statistical area
Observed in vicimity of gear
Intertering with fishing operations
Preying on released lobsters
Entangled and re! d alive
Entangled and rel d dead
Comments:
LOGGED BY: DATE:
{Signature)

Figure 1.--Catch per

statistical area report form.
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